Abstract. The paper studies the potential success of using software experience bases for organizational learning. First, a survey of some previous efforts in the area is presented, together with experiences from related fields. The NASA-SEL Experience Factory will be especially commented. We note, that, modern network technologies like the Web provide new possibilities for distributed storage, access and dissemination of relevant knowledge. However, the main problem lies in internalizing formal knowledge (learning), not in externalizing experiences (model building). Then we present an empirical study of four software experience bases in the Norwegian SPIQ project for software process improvement, done in 1997-99. The SPIQ project proposes a pragmatical, overall method for how to plan, establish, use and evaluate software experience bases. The actual hypotheses and research method are presented, followed by a characterization of the studied experience bases and their actual usage and role in the associated companies. The most critical success factors are found to be incremental startup with a low ambition level, usefulness of the knowledge being offered, and, most importantly, stable company strategies and key personnel (may seem obvious, but still not easy). Some advice for introducing and evaluating software experience bases are finally given.
Introduction
Knowledge management by experience bases is gradually getting into use. This applies for banking, oil production and ship building, as well as for software engineering. The goal is to create and sustain a learning organization, where the ultimate success criterion (what is "improvement'') is satisfied customers in the spirit of TQM or ISO-9000.
So, how can software organizations best systematize, organize and exploit previous experiences in order to improve their work? The learning perspective is crucial, both at the individual and organizational level. It is a challenge to make "externalized" information stored guidelines, process models, quality estimators etc. "internalized" as active knowledge and practical skills, i.e. to get it into real use by software engineers. Much too often, central process guidelines in a quality system are ignored and even sabotaged by the rank-and-file. They are perceived as "control", and this may hinder both individual and organizational learning. To successfully convert passive information (models etc.) into active, operational knowledge, we must combine insights from software engineering and organizational sciences. Knowledge engineering technologies may be added later.
Some definitions: Explicit knowledge is formalized, e.g. as process models or guidelines in a quality system. Tacit knowledge is the operational skills among practitioners, including practical judgement capabilities (e.g. intuition) [1] . Not all tacit knowledge can be made explicit. Learning requires both formal training and informal information exchange. Many theories of learning exists, see e.g. [2] . Most theories operate with a learning process (cycle) as in Figure 1 below.
Fig. 1. Internalization vs. externalization in learning.
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Here, new knowledge is first internalized as new skills among practitioners (individual learning). This new knowledge and skills is then socialized into revised work processes and behaviour (group learning), which then is observed a nd externalized, and then combined to refine and extend the existing knowledge or experience base (organizational learning) -and so on in a new cycle.
The rest of the paper is organized as follows: Section 2 summarizes related work. Section 3 describes the actual study context, being the Norwegian software process improvement project called SPIQ [3] , and its chosen method platform for experience bases. Section 4 presents our success criteria, hypotheses, and research method, and four Norwegian experience bases and their characteristics. Section 5 presents and evaluates the results. Section 6 concludes the paper and gives guidelines for further work.
Related Work on Experience Bases and Related Areas
We will use the term experience base, not experience database, to avoid a too close association with traditional databases. Our experience bases may therefore be in the brains of people, on paper, on the web, in files, in spreadsheets, as well as in more classical Database Management Systems (DBMSes). However, computerized software experience bases (SEBs), especially for software process improvement (SPI), will be our focus.
As mentioned, there is a growing interest in using computerized experience bases in many fields. In part, this reflects modern information technology -like the web and other network technologies -enabling efficient and cheap storage of and access to information (knowledge) at "fingertip" range. For instance, there was a Workshop on Learning Software Organizations, related to the SEKE'99 conference in Kaiserslautern, Germany in June 1999 [4] , and also a panel on this at the conference itself [5] .
Existing work on SEBs spans from the one used in the NASA-SEL Experience Factory for almost 20 years [6] , to ones that have been established three years ago at DaimlerChrysler [7] . Large IT companies often maintain proprietary experience bases, mainly holding summary information on previous projects. On the other hand, some SEBs have been abandoned just after start-up due to organizational turmoil, even if initial acceptance from software developers were good -see [8] about a SEB for an Australian software company for telecom.Yet other SEBs are still on the research level [9] .
There is a related area of software reuse [10] and associated repositories, being a subset of software experience bases. A central paradigm is to regard software as "capital", that can be invested in (by generalization and refinement) and later harvested. This involves spending current effort and time for an unsecure, future return. Payback usually occurs after 1 use and 2 reuses, i.e. after 3-4 years, according to experiences at HP [11] . However, software "rots" over time, i.e. loosing its relevance, see previous work on software evolution by [12] and more recent work on legacy systems.
Other fields have introduced the term organizational or corporate memory to characterize an organization's strategic assets, although not only from a learning point of view [13] .
The knowledge engineering community has also worked on experience bases, often with emphasis on effective knowledge representations, deduction techniques etc., and towards a wide range of applications. The subfield of Case-Based Reasoning [14] has sprung up from this work, enabling simple reuse of similar, past information ("cases") to better master new situations. We can also mention the subfield of Data Mining [15] .
Social anthropologists and psychologists have studied how organizations "learn", and how their employees make use of various information sources in their daily work. Much R&D effort has been spent on the "externalizing'' flow, looking for valid experiences that can be analyzed, generalized, synthesized, packaged and disseminated in the form of improved models or concepts. For instance, to make and calibrate an improved estimation model, based on the performance of previous software projects. Explicit knowledge (written statements) may nevertheless be easily misunderstood due to lack of context and nuances.
However, the hard part is the "internalizing'' flow. That is, how to make an impact on current practice, even if more updated knowledge may be convincingly available? Typical inhibitors are "not-invented-here'', mistrust ("been-burned-before''), lack of extra time/resources ("not-getting started"), or plain unwillingness to try something new or different (like adhering to formal procedures in a quality system). A study of maintenance technicians for copy machines indicated that such experts were most likely to ask their colleagues for advice, rather than to look it up in or even to follow the "book" [16] . Indeed, how many times have not computer scientists asked their office mates about commands in Word or NT-Windows, instead of directly consulting relevant documentation? Although a "query" into the latter can be hard to formulate.
With a more explicit reference to our own field: the existence of software quality manuals, either on paper in thick binders (sometimes 1-2 m in the shelves) or in web documents on an Intranet, is no guarantee for their use in any form. In fact, since such manuals may dictate people on how to perform their job, traditional quality departments in many software organizations are not looked upon with high esteem by developers. So, if we are to succeed with SEBs to achieve learning, we must not carry the traditional "QA hat" of control.
Lastly, many of the ideas and techniques on quality improvement (TQM and similar) come from manufacturing, with rather stable products, processes and organizations. But information technology is characterized by rapid product innovation, not gradual process refinement [17] . One "IT" year is like a "dog" year (7 years) in other disciplines, and time-to-market seems sacred (i.e. schedule pressure). The strength of many software SMEs (Small and Medium-sized Enterprises) lies in their ability to turn around fast and to convert next week's technologies into radically new products and services. Barrett [18] has used the term improvisation, a jazz metaphor, to characterize performers that execute evolving activities over a rather deep and stable competence base. With reference to our SEB context, we must carefully adopt a set of improvement technologies that can function in a very dynamic environment -so how to manage constant change? Since both SPI and SEBs assume that there is "something" stable that can be "improved", we must pick our learning focus accordingly.
The SPIQ Project: Research Context and Guidelines for Software Experience Bases
The SPIQ project [3] was a Norwegian SPI project in 1997-1999, and stands for SPI for better Quality. SPIQ was supported by the Norwegian Research Council (NFR), and involved 3 research institutions, including NTNU, and 12 IT companies, mostly SMEs. These 12 companies have run over 20 SPI pilot projects, assisted by SPIQ researchers and partly by MSc and PhD students. A follow-up project called PROFIT is planned in 2000-2002.
The SPIQ goal was to increase competitiveness in Norwegian software industry by assembling, downscaling and trying out a collection of mostly existing SPI methods. A pragmatical method handbook, in Norwegian, has been written [19] , with the following components:
• A dual, top-down/bottom-up approach, using TQM [20] and QIP [6] ideas.
• An adapted ESSI process [21] to run SPI pilot projects.
• The Goal-Question-Metrics (GQM) method [22] , and e.g. GQM feedback sessions.
• The Experience Factory (EF) concept [6] , to refine and disseminate project experiences.
• An incremental approach, relying on action research [23] .
• Reported empirical studies from five SPIQ companies.
The following EF/SEB guidelines apply:
• A plan-establish-use-evaluate cycle for low-key EFs/SEBs, aimed at SMEs.
• Incrementality: Emphasis on picking application areas with high business value • Action research: for researchers, champions and developers to work trustfully together.
The Case Studies: Hypotheses, Research Method, Background and Characteristics
This section will present our success criteria, hypotheses, and research method, and the characterized SEBs from four SPIQ companies as a combined study object for our investigation. These SEBs are in various phases of realization and deployment, and all have different foci and implementation. That is, each company has different goals, and has usually only followed parts of the method. This means that it is too early and also hard to validate the method. Nevertheless, there are many interesting aspects in their EF/SEB work that deserve attention.
Success factors for software experience bases
Many software-intensive organizations have discovered major obstacles when introducing a SEB in their organization. The most crucial, success factors -all taken from the literature -seem to be: We consider the actual SEB implementation, with its knowledge representation and support tools, to be of less importance. The main technical concern of the SEB should be to maximize benefits and relevance (F4-F5) and to minimize costs (F3).
Naturally, these success factors must be converted to concrete criteria and then to operational metrics, e.g. using the GQM method [22] . However, there are often no available quantitative cost/benefit data for evaluation. Thus, F1-F3 may have to be combined into an overall, qualitative business value factor (metric), e.g. based on observation and questionnaires. The F1-F5 factors must anyhow be customized to the actual organization and its SEB implementation and surrounding processes.
Questions / Hypotheses
To simplify our SEB evaluations, we have to leave out strictly local company improvement goals and corresponding questions. The previous five success factors are boiled down to three, by merging factors F3-F5 into a overall measure of business value. The fourth question reflects the current state, and the fifth is added to measure SPIQ feedback. The five questions/hypotheses are then: H5: Have SPIQ methods been applied in the actual SEB work, and have feedbacks been given to the researchers (SPIQ research goal)?
Research method
The method used in the case studies was participating observation and action reseach as defined by [23] . The researchers have been given some formal training in action research.
Each of the four companies made individual SEB/SPI plans for how to improve themselves. These plans were read and commented by researchers. Goals and measurement plans were set up by the two parties together. The communication between companies and researchers varied, but was mostly based on e-mail, telephone correspondence and physical meetings. The companies agreed to send progress and experience reports, and got rewards in the form of some payment (25% of marginal costs) from the SPIQ project on delivery.
Potential problems with this kind of research is that it can easily be biased, in that everyone is interested in reaching the goals that are set up. Thus, we do not know if the same results would be achieved with another set of researchers, or with other people from the company, or with another company in the same situation. But this kind of research is a way to get interaction with companies in a way that would not be possible if it was not so much in the company's interest.
On measurement scales: since we have mostly qualitative data, we have used structured free text on most information items.
Threats to internal validity:
We have used standard indicators from the literature on most properties (stability, cost/benefits, "usability", relevance), so in general we are on pre-walked ground. However, most of the data are qualitative, although our confidence is pretty high due to on-site or close observations. The latter can, however, skew the observations into a more positive light.
Threats to external validity:
The companies are very diverse, yet their problems seem classic. The results are also in line with previous empirical studies, and we feel confident on general level. Still, the number and quality of the data points prevent definite conclusions.
The four studied software experience bases: background
The four studied SEBs and their companies are as follows:
• Study 1: Company X1, the software house of a Norwegian Telecom provider.
Background: Company X1 is a telecom software house, with 600 developers. It is ISO-9000 certified. It owned by a Norway's largest national telecom provider. Its main profile in administrative support systems for telecom, i.e. logistics, personnel, and billing -but not switching. It has developed and operates a dozen large information systems, e.g. developed in Oracle 2000-Designer. Company X1 has introduced a web-based quality system in 1995, mainly a bought-in, "canned'' process.
Software platform: COBOL, C++, Java, 4GLs. Mainframe, Unix, PC.
Improvement goals: Improve estimation accuracy by 10%.
SEB and surrounding processes:
A project database and an asociated estimation tools has been made, using speadsheet technology. It is linked to the existing, web-based quality system. The estimation tool offers seven different algorithms, mostly based on Function Points, and is based on data from 50 previous projects. It is aimed at project managers, which have been given a one-day course in the tool. A central method group of 4 persons maintain the project database and the estimation tool [24] .
Results/experiences: First, the quality system was mostly introduced "over the head'' of people, and e.g. final project reports are hardly ever picked up and used later -a rather demotivating fact. Further, even if the estimation tool gives 10% better accuracy than manual, ad-hoc estimation, and even if project managers have been trained in it, this has not taken off either. However, the majority of project managers are positive to start using the tool (an internal poll shows this), so a more person-to-person, coaching approach will be attempted. All in all, much synthesized knowledge has been collected and made easily available to key persons, but actual use and reuse of this information has been meager. However, all improvement efforts in Company X1 have been hampered by major reorganizations in the last year, and the key estimation guru resigned in 1998.
• Study 2: Company X2, a software house for banking.
Background: Company X2 produces software for the bank/finance market, and has around 250 software developers. It is ISO-9000 certified. The development is usually organized in large projects that are monitored by a project office. This office is responsible for collecting progress reports, updating models that are in use, and for collecting experiences from projects after completion. The project office is also in charge of the quality system and for resource allocation.
Software platform: COBOL, C, Java, 4GLs. Mainframe, Unix, PC.
Improvement goals:
Reduce overruns in projects by better estimation/planning techniques, using a project database.
SEB and surrounding processes:
The project database was designed and implemented in Oracle 2000-Designer by a NTNU student, based on requirements from Company X2. Central data were project profile, project size and some FP data.. Estimation assistance would be by analogy, looking up similar domains or tool platforms, previous budget/schedule overruns (cf. casebased reasoning). Also, information on risk analysis, estimation and general experiences could be stored.
Results/experiences:
The experience database was never put into use, mainly because of reorganization in the company and because of recent financial problems.
• Study 3: Company X3, a software house mainly for engineering applications.
Background: Company X3 is a consultancy house with 150 developers, mostly with MSc/PhD degrees. Company X3 is strong on OO, UI, and AI technologies, and uses the DSDM method for incremental development (www.dsdm.org). It has a flat and "process-oriented'' organization.
Software platform: C++, Java, 4GLs. Unix and PC.
Improvement goals: Make relevant company information more accessible to support the business.
SEB and surrounding processes:
Company X3 has developed a web-based corporate memory tool. This stores administrative information, personnel competence profiles, overall project routines (not a full quality system), and dayto-day news and events. It includes a competence base, where all employees are listed, and their present and desired competence areas are indicated. This information is used to allocate people to projects. Very few hard data are collected and stored, except major project data. Processes and roles have also been defined.
Results/experiences:
For its limited ambition, the tool is functioning fine, and is well received. It is an advantage that the company has a flat organization and has already much insight in knowledge engineering, even the corporate memory presently is very low-tech.
• Study 4: Company X4, a software house mainly for administrative applications.
Background:. Company X4 is a consultancy house with over 400 developers, being Norway's third largest and with five branch offices. It has a central method department, with consultants being responsible for different technology areas and business domains.
Software platform: C++, Java, COBOL, 4GLs, web-tools. Mainframe, Unix, and PC.
Improvement goals: Increase its competitiveness, by making updated methods and related experiences more easily accessable for the consultants, that often sit at customer sites (more knowledge management than SPI). A subgoal is to improve project estimation by a new tool and related project base.
SEB and surrounding processes:
Company X4 has developed a web-based Information Well using the Microsoft Exchange repository tool [25] . This knowledge base stores general company and personnel information, such as strategies, meetings, various documents, and individual CVs. It also stores recommended routines and work methods ("best practices''), as well as experiences from using the company's methods and tools in different application domains. All personnel are responsible to develop, publish and adapt the stored material, but special method and domain specialists receive feedbacks on, quality check and revise certain key method documents Results/experiences: The Information Well has been in use for over two years. Measures regarding enhancement and use are regularly recorded. Annual, internal surveys conclude that the Information Well is increasingly being used and accepted by Company X4 consultants. A technical drawback is that the stored documents exist in different document formats (Powerpoint, Word etc.) and versions of these formats, being incompatible with the tools installed in each consultant's computer. The planned extension with the estimation tool has been stopped, due to company reorganization and resignation of two key persons (including a PhD graduate from NTNU). These four SEBs are described in Figure 2 , with comments in the next section:
The results and evaluation of these
This chapter summarizes and evaluates the results from the four studies described in the previous Section 4. First we comment each company, then the hypotheses.
Some brief company comments are:
Company X1: Has much expertise in this area, but the telecom business in Europe is undergoing large changes, killing the initiative -at least until 2001.
Company X2: Has also much expertise and interest around estimation, but the anchoring from NTNU to the core business units was too weak (acknowledged from the start). In addition comes organizational turmoil and red numbers.
Company X3: Has a rather flat organization, much young and competent developers -so a low-key and general start was probably right. Also, knowledge engineering is one of the company's core competencies. Company X4: Again, is dedicated to improve its Information Well, in spite of the cancelled estimation tool (these two tools belonged to different departments). It also had major reorganizations in the last year.
The hypotheses testing comes out as described in Figure 3 below, using qualitative measures and background insight whereever needed. Fig. 3 . Survey of results from hypothesis testing for the four Norwegian software companies. We now go through the hypotheses outlined in section 4.2 and discuss them in relation to the four SEBs: H1: Cultural changes/SPI-connection: Only Company X3 and X4 are having a partial match here. However, "knowledge management" at Company X4 seems wider in scope than SPI, and the two fields have different organizational backing. H2: Stability: Again, the two latter companies scores highest, with Company X4 as best.
Hypothesis
H3: Business value:
Once again, OK for the latter two companies, since they both continue to develop it. There is also a big potential for Company X1.
H4: Current use, potential interest: Again, Company X3 and X4 have current SEB use, while Company X1 has signalled future interest. All the four companies have internal improvement initiatives, that do not necessarily involve a SEB.
H5: SPIQ feedback:
Here, all companies must have been said to have contributed in one way or another -"failures" are not necessarily without a research interest.
H1-H5 summary: low-tech SEBs with a high business value in stable and commiting organizations have the highest chances to succeed.
As a hindsight, we -as researchers -could have wanted a better interaction with and local visibility in the companies. On the other hand, we cannot as outsiders "improve" a company, even if there are actions (and non-actions) that we would have liked to influence. And being too persistent towards the companies might easily create antagonisms, since a company and its employees is vastly superior to run its business than a bunch of academics.
Some ideas on alternative hypotheses that could be tested in later studies, are: 
Conclusion
Some general observations related to our success criteria are (see also [5, 26] 
):
• F1: A precursor for all organizational change and SPI is commitment and consensus, all the way from top-level management to the rank-and-file. This requires, perhaps, a rather flat organization and a democratic culture? It also requires more formal training in action research from all parties.
• F1: We should start slowly: get commitment, select promising areas (e.g. estimation), and provide early feedback. Using questionnaires to assess the developer's attitudes towards experience management and learning should be regularly carried out.
• F1: A long-term goal is an "egoless'' approach to sharing experiences, both good and bad. However, some high-risk projects that test out new technologies should not be overly heralded before we can draw valid conclusions. That is, an element of privacy should be respected.
• F2: Sufficient organizational stability is needed, so that appropriate improvement initiatives can be sustained for a sufficient time period, say 4-5 years. In the SPIQ companies, staff turnover and strategy changes in the involved companies have been a serious impediment in both smaller and larger companies.
• F3-4: The costs and benefits of the SEB itself should be regularly assessed.
However, most companies do not even have an internal investment rate to compare different change efforts, e.g. new buildings, new PCs, or new furniture versus SPI. An overhead figure of 1-2% is recommended. In smaller companies, normal developers may constitute parts of the EF.
• F5: An experience base is not a technical gadget, but a vehicle for organizational learning and process improvement. That means that organizational, not technical factors will be decisive.
• F5: The web is an excellent vehicle to store and disseminate information. The danger is, however, information overload and how to keep the stored information lean, updated and relevant.
• F5: The syndrome of data cemeteries or "white elephants'' is a related problem, cf. the fate of project reports in Company X1.
• F5: Demonstrate the usage of a SEB tool, e.g. to show users how they can save time during development and how the tool can give them a better overview of their own situation. Similarly, make the SEB dynamic, e.g. show new experience items etc. to investigate.
• F5: Give feedback to the users and market the tool often. Maybe a reward system for insertion and reuse of experiences will boost SEB usage?
• F1-F5: To generalize, we need to compare present and previous status, i.e. to conduct valid empirical studies [27] . However, software experimentation is not easy and baselines are often fuzzy or even non-existent.
To sum up, we can say that incremental approaches are favored, e.g. using the web. The crucial part is internalization into workplace practice, not externalization as revised models in some repository tool. A pervasive, organizational commitment is ultimately needed, although we should start in the small. Lastly, stability in organizational support is a problem, like in all quality and improvement work.
